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Introduction: The metastatic spread of cancer cells to distant sites of the body, in particular bone, is the major cause of death among
prostate cancer patients[1]. Despite the current disease models, it has not yet been well understood how cancer cells attain the ability to
survive and establish metastasis within the surrounding microenvironment, remaining one of the most challenging aspects in the treatment
of metastatic cancers. Hence, to closely mimic the tumour microenvironment, this study aimed at developing a 3D bioengineered in vitro
bone model for the study of bone metastasis. 
Martials and Methods: Medical-grade Polycaprolactone (PCL) from Purac was used to produce tubular scaffolds by melt electrospinning
writing on a custom-built machine[2]. Scaffolds (1 cm length, 5 mm diameter, 100 µm thickness, 250 pore size, 0-90° pattern) were further
coated by calcium phosphate (CaP) for osteogenic properties[3] and seeded with 4×105 human osteoprogenitor bone cells (hOBs), isolated
from human bone samples[4]. After reaching 3D confluency, the tubular constructs were transferred from static cultures to the vessel of a
bi-axial rotating bioreactor[5] and mineralisation was induced for 6 weeks with osteogenic media (50 μg/ml ascorbate-2-phosphate, 10 mM
β-glycerophosphate, 100 nM dexamethasone)[6]. After 6 weeks, human mesenchymal stem cells (MSCs) from the same patient and human
umbilical vein endothelial cells (HUVECs) were mixed (1:1 ratio; 6×105 cells per gel) with a gelatin methacrylamide-based gel (gelMA) and
injected in the centre of the osteoblast-derived tubular scaffold, followed by cross-linking with 365 nm wavelength UV for 10 minutes[7] to
form a soft gel, 3-4 kPa in stiffness, inside the tubular scaffold. After one week of culture in the rotating bioreactor, allowing for
capillaries to form, 2×104 human prostate cancer cells (LNCaP, C4-2B, PC3) were injected into the central part of the construct and co-
cultured for an additional two weeks, in order to mimic and study human prostate cancer metastasis to the bone (Figure 1).
Results and Discussion: We have successfully grown human bone-derived osteoblast cells onto tubular PCL scaffolds with cells fully
covering the scaffolds after six week post seeding. Furthermore, we have successfully grown cancer cells in gelMA where after 14 days
cells are forming large spheroid-like colonies ranging from 100 to 200 µm, mimicking the tumour-like characteristics (Figure 2). We are
currently optimizing the mechanical properties of gelMA for optimal growth of HUVECs and MSCs and capillary formation. Further studies
involve micro-computed tomography, scanning electron microscopy (SEM) and immunohistochemistry for assessing the extent of bone
metastatic lesions in the novel bioengineered model.
Frontiers | An advanced bioengineered 3D model mimicking prostate cancer-induced bone metastasis microenvironment
file:///C|/...engineered%203D%20model%20mimicking%20prostate%20cancer-induced%20bone%20metastasis%20microenvironment.htm[28/06/2017 10:17:16 AM]
Conclusion: This novel bioengineered 3D in vitro model better reflects the natural 3D environment of prostate cancer metastasis to the
bone and hence will provide an ideal platform to study current and novel treatments against metastasis, ultimately improving patient
outcomes.
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